The purpose of this study was to determine whether stability and change in cognitive status are associated with sociodemographic characteristics and health function. DESIGN: Secondary analysis of data. SETTING: Baltimore Study of Black Aging-Patterns of Cognitive Aging. PARTICIPANTS: Community-dwelling black adults (N = 407; mean age 68.6 AE 9.1). MEASUREMENTS: Baseline (n = 602) and 33-month follow-up (n = 450) assessments of cognition, health, and psychosocial function. RESULTS: For the present analyses, participants were grouped as being cognitively normal (n = 249), having stable mild cognitive impairment (MCI) (n = 32), or being MCI converters (n = 72; normal at baseline, MCI at follow-up) or reverters (n = 54; MCI at baseline, normal at follow-up). Multivariate analysis of variance showed that the groups differed significantly in education and lung function (P < .010). Post hoc analyses indicated that converters had fewer years of education than the other groups, whereas those who were cognitively normal had better lung function than converters and reverters (P < .050). CONCLUSION: These results suggest that education and lung health are associated with patterns of cognitive status change and stability. Future research should account for sociodemographic and health factors when examining stability of cognitive status classifications. J Am Geriatr Soc 66:179-183, 2018.
R
esearch has described mild cognitive impairment (MCI) as a precursor to Alzheimer's disease (AD) and other dementias. 1 Although first described as a focal memory impairment with intact functional abilities, MCI's conceptualization as a clinical entity has evolved, with many different operational definitions and criteria that include cognitive impairments beyond memory. 2 The various MCI conceptualizations and diagnostic criteria affect not only incidence rates of MCI, but also observed rates of progression to dementia. 2, 3 Substantial evidence has suggested that MCI is not always a stable condition, with all cases progressing to AD. Instead, some cases spontaneously revert to normal cognitive status, and researchers have suggested that more attention be given to MCI reversion rates. 4 It has been proposed that the concept of MCI be redefined as a condition that potentially leads to positive cognitive outcomes. 4 One pattern of findings showed that a small number of individuals with MCI worsen to dementia status, whereas more individuals remained stable or reverted to normal status. 2 These findings also demonstrated that MCI conceptualizations identifying a focal memory impairment had more predictive value regarding progression to dementia than definitions based on nonmemory impairment. 2 In contrast, another study found that individuals with multiple-domain MCI were more more likely to decline, with focal memory impairment unassociated with greater rates of progression. 5 Such inconsistencies in the literature make MCI of great interest to researchers and indicate the need for continued investigation.
Another important consideration is that few studies have examined MCI status changes in older black adults. This is problematic because of the reported higher rates of MCI risk factors (e.g., hypertension, 6 low education 7 ), as well as AD and other dementias, 8 in blacks. In the research studies that have focused on black samples, MCI rates have varied. One study 9 found that 21% of a large, multiethnic sample progressed from normal cognitive function to MCI, whereas 31% reverted from MCI to normal cognitive function. That study 9 did not report specific MCI rates for its black participants but reported that blacks, Hispanics, and individuals with less than a high school education were not at greater risk of MCI, although those groups were at greater risk of developing AD, even after accounting for initial MCI status.
Another study 10 found an MCI rate of 22% in the current study's sample of older black adults; likewise, a study found an overall MCI prevalence of 21.5%, 11 with a prevalence rate of 27.3% for its black subsample, versus 19.1% of white participants. They attributed this discrepancy to the higher prevalence of nonamnestic MCI in black (16.3%) than white (6.9%) older adults. 11 Intraindividual variability in MCI classification was examined in a second sample of elderly black adults, and it was found that there was inconsistency in the number of individuals who met criteria for MCI over multiple testing occasions. 12 In one study examining transitions from normal cognition to MCI and dementia in a cohort of older black adults, there was an annual MCI incidence rate of 5.6% and an annual rate of reversion to normal from MCI of 18.6%. 13 
Correlates of MCI Classification Status
Given the instability of MCI classification, researchers recommend that future work be conducted to identify modifiable factors associated with MCI (sedentary lifestyles, poor diet, inadequate social support). 4 Factors such as age, medical conditions, sleep, and affective symptoms have already been found to be associated with reversion. 12, 14 When examining possible risk factors for progression from normal cognitive status to amnestic MCI, one systematic review found age and hypertension to be significant risk factors in nine studies; 15 low education was a significant risk factor for nonamnestic MCI. 15 Although a considerable body of research has demonstrated the relationship between hypertension and poor cognitive outcomes, 16 few cognitive aging studies have explored the relationship between lung function and cognition in older black adults. Similar to blood pressure, lung function has a significant association with cognition in aging cohorts, 17 an association that varies according to race. 18 Such findings make sense considering persistent health disparities in cardiovascular and pulmonary risks, 19 and these same health risks are consistent contributors to poorer cognitive function in older black adults. 20 It is possible that lung function is another pertinent correlate of cognitive function and status change in black populations.
Previous research has only started to discover cognitive status changes in older black adults, who have historically had poorer cognitive performance 21, 22 and greater risk of cognitive decline and dementia 20 than other groups. Although some prior research 15 has examined risk and protective factors related to MCI, few studies have accounted for the social and health determinants of MCI status changes in blacks.
Thus, the purpose of the present study was to examine patterns of stability and change in cognitive status classifications and determine whether stability and change patterns are associated with selected sociodemographic and health factors (age, education, blood pressure, lung function) in a sample of older black adults. We hypothesized that MCI stable and converter groups would be significantly older, have fewer years of education, and have worse health, as measured using blood pressure and peak expiratory flow (an estimate of lung function). In addition, we hypothesized that reverters would be significantly younger, have more years of education, and have lower blood pressure and greater peak expiratory flow, indicative of better cardiovascular and respiratory health.
METHODS

Procedure
Procedures for the Baltimore Study of Black Aging-Patterns of Cognitive Aging (IRB approval from Duke University #1610) have been reported previously. 23 Study recruitment used customary methods, including informational sessions and study flyers in housing and community buildings in targeted Baltimore, Maryland, communities. If individuals met the basic age criteria of aged 50 and older, they were scheduled for a private interview and testing session that lasted approximately hours, with two 15-minute breaks. For participating in the study, individuals were given $35 for the baseline interview and $60 for completing the cognitive assessments. There was additional compensation for participation in a separate deoxyribonucleic acid collection at the follow-up session.
Participants
This current sample was originally recruited to understand changes in relationships between cognitive, health, and psychosocial function. Six hundred two black adults (age range 48-95, mean 69.1 AE 9.8) participated at baseline. After approximately 3 years (33 months), 450 participants completed the second data collection, which repeated the same interview and testing procedures performed at baseline. One hundred fifty-two participants were lost to follow-up (death, refusal, relocation, sickness). Participants were classified at baseline and follow-up as having normal cognitive status or MCI.
There were no significant mean differences in age, sex, education, or median income between completers and dropouts, although there was a greater percentage of men for the baseline data collection (25.4%) than for the second data collection (22.4%).
For the present secondary analyses, 43 participants were excluded because of missing data on any of the variables. The final analytical sample consisted of 407 participants (mean age 68.6 AE 9.1).
Study Measures
Sociodemographic Variables
Information on self-reported age and number of completed years of formal schooling was collected in in-person interviews with each participant at baseline and follow-up data collections; baseline data were used for these analyses.
Health Variables
Blood pressure was measured using an oscillometric-automated device (Model UA-767, A & D Engineering, Inc., Milpitas, CA). The blood pressure cuff was placed on the bare arms of participants to record blood pressure while the participant was sitting and again while standing. Three blood pressure readings were taken immediately after a 5-minute rest period to minimize effects of stress related to performing other assessments in the study protocol. The three sitting systolic and diastolic readings were then averaged separately for each participant to obtain the final systolic and diastolic blood pressure scores. The present analyses included blood pressure collected at baseline.
Lung function was measured using the Mini-Wright peak flow meter, which assessed peak expiratory flow. Participants stood, covered the end of the tube of the peak flow meter with their lips, took a deep breath for 1 second, and blew as hard as possible. Average peak expiratory flow was calculated as the average of the three trials. There was at least a 30-second interval between each measurement. The present analyses included information on peak expiratory flow collected at baseline.
MCI Classification
MCI status was assigned psychometrically for each participant using a post hoc approach after each data collection. This approach has been used in previous studies, including ones that had nonclinical, community-based samples. 10, 24 a trained research assistant administered paper-andpencil psychometric measures to assess six cognitive domains: reasoning, memory, perceptual speed, executive function, working memory, language. 24 Using a computer algorithm, all cognitive scores were standardized to a mean of 50 and a standard deviation (SD) of 10. Next, the influence of age and education was residualized from each standardized cognitive score; these scores were subsequently standardized again (mean 50, SD = 10). Composite scores were estimated by summing the individual test scores for each cognitive domain. Based upon a modified version of the age-associated cognitive decline criteria, 25 participants were classified into one of two groups: normal and MCI. Unlike other MCI criteria, this criterion did not require a subjective memory complaint and allowed for some impairment in complex tasks of everyday functioning (e.g., financial management). To be classified as normal, participants had to score at or above 1.5 SDs below the sample mean in all cognitive domains. Participants who scored 1.5 SDs (the bottom 6.7% of the sample distribution) below the sample mean in any of the cognitive domains 25 were assigned to the MCI group.
Cognitive Status Change (and Stability) Groups
We categorized the present sample as being cognitively normal (n = 249), MCI stable (n = 32), converters (n = 72; normal at baseline, MCI at follow-up), or reverters (n = 54; MCI at baseline, normal at follow-up). Cognitively normal individuals were classified as normal at baseline and the follow-up data collection. MCI stable individuals were classified as having MCI at both time points. Converters were classified as cognitively normal at baseline and having MCI at follow-up, and reverters were classified as having MCI at baseline and cognitively normal at follow-up. Descriptive statistics are presented in Table 1 .
Statistical Analyses
All analyses were performed using SPSS Statistics version 24 (IBM Corp., Armonk, NY). Baseline scores for each study variable were used. Multivariate analysis of variance was used to determine whether there were between-group differences in demographic and health variables. There was one independent grouping variable (cognitive status change group: cognitively normal, MCI stable, converters, reverters) and five dependent demographic and health variables (age, education, average systolic blood pressure, average diastolic blood pressure, average peak expiratory flow). Subsequent univariate analyses of variance (ANOVAs) were run for each of the dependent variables that were significant. These secondary analyses were conducted to identify the specific group differences for a particular demographic or health variable. Bonferroni adjustments were used to correct for multiple comparisons.
RESULTS
Multivariate Analysis
Results showed a significant multivariate between-subject effect (Wilks Λ = 0.917; F(15, 1102) = 2.336, P = .003; partial g2 = 0.028), which indicated that there were significant differences in demographic characteristics and health between the four MCI status change groups. This multivariate effect was explained further in follow-up univariate and post hoc analyses.
Univariate Analyses
Follow-up univariate ANOVA indicated that there were significant between-group differences for education (F(3, 403) = 3.900; P = .009) and lung function (F(3, 403) = 5.233; P = .001). These effects remained significant with Bonferroni correction. There were no significant between-group differences for age, average systolic blood pressure, or average diastolic blood pressure. Pairwise comparisons were made to determine the directions of the univariate analyses. Post hoc analyses showed that converters had significantly fewer years of education than those who were cognitively normal (P = .002) or MCI stable (P = .02), and reverters (P = .006). Cognitively normal participants had significantly better peak expiratory flow than converters (P = .007) and reverters (P = .002).
DISCUSSION
The purpose of this study was to understand patterns of cognitive status stability and change in a sample of urban, older, community-dwelling black adults. To accomplish this, we examined how selected sociodemographic and health factors accounted for group differences between four cognitive status change groups: cognitively normal, MCI stable, converters, and reverters. Results showed that converters (participants with baseline normal cognitive status and MCI at follow-up) had significantly fewer years of education than all other groups. The cognitively normal group had significantly healthier lung function than converters and reverters. Contrary to our hypotheses, there were no significant differences in age or blood pressure. Overall, these findings suggested that education and lung function may play an important role in cognitive stability over time.
Education is commonly found to be an important factor in cognitive function over time 7, 23 and is thought to contribute to preservation of cognitive abilities and perhaps contribute to cognitive reserve. 26 The cognitive reserve hypothesis suggests that early life educational experiences build reserve in cognitive abilities in part. 26 Prior investigations have shown that years of education is associated with age-related cortical atrophy in the brain 27 and moderates the relationship between brain pathology burden and associated cognitive deficit, such that individuals with more early life education may be at less risk of dementia. 28 For older black adults, the relationship between education and cognitive function is complicated by the history of segregated public education in the United States. 23 Although education overall is well known to be a source of individual variation in cognitive function, so is educational segregation and subsequent desegregation. In our study, variability in education quality between participants corresponded with variation in cognitive functioneven though exposure to education occurred 40 or more years before cognitive testing. As such, it is plausible that there is a lasting effect of early education that is critically important for cognitive health over the life course. Furthermore, it is likely that the importance of education in cognitive status change outweighs the importance of age, a variable that is arguably the strongest predictor of cognitive decline.
One alternate view is that the objective psychometric neuropsychological assessment often used to identify MCI in older adults might not accurately detect early signs of neurodegenerative disease in black populations. It may be that the amount and type of education exposure influences differences in language skills, use of test-taking strategies, and test-taking anxiety instead. 29 Similar to education, better lung function, as measured according to average peak expiratory flow rate, was associated with cognitive status stability over time. This finding is consistent with prior research showing a positive association between lung function and cognitive function in aging cohorts 20 and suggests that better lung function in our sample may have operated as a protective factor against cognitive decline, although nonsignificant findings for blood pressure were unexpected, given that high blood pressure is a well-documented predictor of cognitive decline. 19 Disparate findings for lung function and blood pressure may suggest different mechanisms linking lung function and cognitive performance. For example, prior research has shown that hypoxic conditions, such as with chronic obstructive pulmonary disease, 30 are associated with cognitive impairment, independent of cardiovascular conditions. These independent associations further underscore the importance of lung function as an independent contributor to cognitive stability or change.
Finally, the stable MCI group had more education and greater average peak expiratory flow than the reverter or converter groups. It may be that higher education and better lung function served some protective purpose for this group, despite the previous decline. The classification of participants according to status of change allowed an interesting examination of the variability that can be observed in cognitive status. That we could create these 4 groups is important to consider in that cognitive function is not a linear decline that is uniformly observed in older adults but is variable over time. Our findings suggest that lack of change or stability in cognitive function over time was not due to how old a participant was at first interview but more likely due to factors that contribute to cognitive reserve.
STUDY LIMITATIONS
There are study limitations that are important to consider. The short interval between study time points (average 33 months) limited the Baltimore Study of Black Aging-Patterns of Cognitive Aging. With a longer interval between study time-points, it is likely that more participants would have exhibited greater cognitive decline that would warrant MCI status classification. This in turn would have resulted in more cognitively normal participants being classified as converters for the purpose of these analyses. Nonetheless, the challenge with a longer follow-up period is the greater likelihood of greater attrition.
Another potential limitation is our psychometrically defined classification of MCI. Although prior studies 6, 13 have used this MCI classification, it is possible that the findings would have differed if a more clinically based MCI classification had been used. In addition, the sample size of the MCI groups, particularly the MCI stable group (n = 32), limited the present analyses. Having more MCI stable participants might have strengthened the pattern of findings and resulted in significant findings for the blood pressure variables.
CONCLUSIONS AND FUTURE STUDY
The present findings suggest that education and lung health are associated with patterns of cognitive stability and change. These results extend cross-sectional findings that have indicated the importance of education and health in understanding cognitive function in older black adults. This work is of great importance given the continuum of normal cognitive function, MCI, and AD or dementia and the wide variation in how individuals move along this continuum. In addition, this work is significant given the few studies that have specifically focused on cognitive status stability and change in black populations. Unlike many other research studies of older black adults, this study had sufficient statistical power to examine longitudinal patterns in this population. Future research should account for social and health factors when examining stability of cognitive status classifications.
